Carotid bodies are chemoreceptors sensitive to a fall of partial oxygen pressure in blood (hypoxia). The morphological alterations of these organs in patients with chronic obstructive pulmonary disease (COPD) and in people living at high altitude are well known. However, it is not known whether the histological profile of human carotid bodies is changed in acute clinical conditions such as acute respiratory distress syndrome (ARDS). The objective of the present study was to perform a quantitative analysis of the histology of carotid bodies collected from patients who died of ARDS. A morphometric study of carotid bodies collected during routine autopsies was carried out on three groups: patients that died of non-respiratory diseases (controls, N = 8), patients that presented COPD and died of its complications or associated diseases (N = 7), and patients that died of ARDS (N = 7). Morphometric measurements of the volume fraction of clusters of chief cells were performed in five fields on each slide at 40X magnification. The numerical proportion of the four main histological cell types (light, dark, progenitor and sustentacular cells) was determined analyzing 10 fields on each slide at 400X magnification. The proportion of dark cells was 0.22 in ARDS patients, 0.12 in controls (P<0.001), and 0.08 in the COPD group. The proportion of light cells was 0.33 (ARDS), 0.44 (controls) (P<0.001), and 0.36 (COPD). These findings suggest that chronic and acute hypoxia have different effects on the histology of glomic tissue.
Introduction
Carotid bodies are nodular structures found in the angle of the bifurcation of the common carotid arteries. They are considered to be chemoreceptors sensitive to changes in the partial blood oxygen pressure. De Castro (1) showed that the innervation of the carotid body, originating from the glossopharyngeal nerve, was afferent in nature and probably with sensory function. His interpretation about the histological features of the carotid body is considered to be the basis of the concept that this structure participates in blood gas monitoring (2) (3) (4) . Heymans et al. (5) later demonstrated that the carotid body responds to the fall in partial oxygen pressure, the increase in partial PCO 2 pres-sure and the fall in arterial blood pH, contributing to the genesis of the hyperventilation observed under these conditions. Other factors such as temperature, osmolarity and arterial pressure, at least in animals, can stimulate the carotid body (6) . Morphologically, the carotid body shows two different types of cells. First, forming clusters, there are the chief cells, with three subtypes (light, dark and progenitor) observed by staining with hematoxylin and eosin ( Figure 1A ,B). These cells are considered to be the chemoreceptor cells of the organ. At the level of electron microscopy, the chief cells contain electron-dense granules in their cytoplasm. Many substances have been demonstrated in these granules, mainly biogenic amines (dopamine, noradrenaline) and some peptides, but the physiological significance of these findings remains unknown. The second type, surrounding the clusters of chief cells, is represented by the sustentacular cells that envelope the nonmyelinated nervous filaments and enclose them to the surface of the chief cells ( Figure 1C ).
There is considerable evidence that carotid bodies can have their structure modified under several conditions, such as normocapnic hypoxia (7) (8) (9) , chronic obstructive pulmonary disease (COPD) (10) (11) (12) , aging (13) , and arterial hypertension (11, 14) . In these situations, the changes in the histology of carotid bodies have been presumed to provide a plausible structural basis for the functional abnormalities of respiratory control. For instance, chronic high altitude hypoxia has been associated with light cell hyperplasia (15) (16) (17) ; an increase of sustentacular cells has been clearly demonstrated in COPD (18) (19) (20) . Thus, it is reasonable to assume that the cellular profile of carotid bodies can provide useful information about the physiopathology of the respiratory control. However, the relationship between the morphological and functional alterations of the structure in these situations remains obscure. If chronic hypoxia modifies the histological profile of the carotid bodies, one can speculate that acute episodes of hypoxia may promote histopathological changes as well. It has been well established that patients that survive acute respiratory distress syndrome (ARDS) may have abnormalities of respiratory control as demonstrated during weaning from mechanical ventilation (21) . However, it is not known whether the histology of carotid bodies is modified in this situation.
The present study was designed to perform a quantitative analysis of the histology of carotid bodies collected at autopsy from patients that died of ARDS. The data were compared with those obtained for two different groups: patients with non-respiratory and non-chronic cardiovascular diseases (controls), and patients with COPD. Patients with COPD were included in the study because the changes found in the glomic tissue in this clinical situation have been well documented (11, 12, 19) .
Patients and Methods
Carotid bodies were collected during routine autopsies performed at our Medical School. Clinical information was obtained from hospital charts and the diagnosis was confirmed at autopsy. Patients were divided into three groups: deaths caused by nonrespiratory diseases (group I, N = 8), patients with COPD who died of its complications or associated diseases (group II, N = 7), and patients who died of ARDS (group III, N = 7). For group III, no restrictions were made about time of mechanical ventilation and inspired fraction of oxygen. In all of these patients the duration of ARDS was less than one week. Clinical information about these patients is presented in Table 1 .
At autopsy, patients from group I showed no significant changes in lung histology or signs of chronic cardiovascular diseases. Patients with ARDS showed marked histological changes in lung parenchyma, includ- ing alveolar infiltration of inflammatory cells, intra-alveolar exudate with hyaline membranes, alveolar hemorrhage and septal thickening by loose connective tissue. In order to collect the carotid bodies, the common carotid artery on each side of the neck was dissected up to above its bifurcation and the whole piece (3 cm above and 5 cm below the bifurcation) was placed in buffered formalin for 48 h. After this, the carotid body was gently dissected with the aid of a 25X magnifying glass (Carl Zeiss, Germany) and routinely processed for paraffin embedding and histological sectioning. Five-micrometer thick sections were stained with hematoxylin and eosin. The two carotid bodies (left and right) of each patient were studied. One section per carotid body was analyzed.
Morphometric measurements were performed by standard point-counting procedures with an integrating eyepiece (Instru-E.N.G. Vinhaes et al.
mentação Técnica Científica, São Paulo, SP, Brazil) containing 50 lines and 100 points. We determined the volume fraction of clusters of chief cells (Vc) at 40X magnification. Briefly, five non-coincident fields on each slide were examined across a surface cut of the carotid body. For each field, 100 points were counted and Vc was determined by the following relationship: Vc = pC/ptot (1), where pC represents the number of points hitting chief cell clusters and ptot is the total number of points considered for each microscopic field (Figure 2A) .
In addition to Vc, the number of profiles of the four main histological subtypes of glomic tissue -light, dark, progenitor and sustentacular cells (4) -was determined in 10 non-coincident microscopic fields on each slide at 400X magnification using the unbiased procedure described by Gundersen et al. (22) , whereby the cell profiles are counted in each field respecting the inclusion and exclusion limits of the integrating eyepiece ( Figure 2B ).
The proportion P of the main histological cell types -P light , P dark , P progenitor and P sustent , respectively, within the glomus was computed by dividing the numerical density of each cell profile by the total number of profiles counted.
Groups were compared by analysis of variance (ANOVA), with the level of significance set at 5%. When a significant difference was detected, multiple comparisons among the groups were performed by the Student-Newman-Keuls test. Logarithmic transformations were applied when necessary in order to test the sensitivity of the results to heteroscedasticity. The statistical calculations were done with the aid of the SPSS v6.0 software (23) .
Results
The results of the morphometric measurements obtained for the different groups are shown in Table 2 . Table 3 shows the Figure 2 . Morphometric studies of glomic tissue. A, Schematic representation of the morphometric measurement of the volume fraction of clusters of chief cells (Vc) using the standard point-counting procedure (40X). Vc was obtained using the Vc = pC/ptot ratio, where pC represents the number of points hitting chief cell clusters and ptot is the total number of points considered for each microscopic field. B, Schematic representation of clusters of chief cells in one microscopic field (1000X). The upper and right limits of the integrating eyepiece (dashed lines) were considered the exclusion limits. The proportion P of the main histological cell types (P light , P dark , P progenitor and P sustent ) was obtained by dividing the numerical density of each cell profile by the total number of profiles counted.
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Discussion
In this study our objective was to determine whether ARDS would change the cellular profile of the carotid body, since this is an acute clinical condition characterized by severe hypoxia with a high mortality rate despite an increase in the inspired fraction of oxygen (24) (25) (26) . We had a "positive control", since we observed a significant increase in the number of sustentacular cells in COPD, as already shown by others (18, 19) . Although the studies of carotid bodies in COPD patients previously performed did not use unbiased morphometric methods, proliferation of type II cells (sustentacular cells) in hypoxic patients has been reported (10) (11) (12) . We also observed that the amount of glomic tissue in COPD was reduced in comparison to that of the connective tissue that limits the lobules within the carotid body, suggesting that the parenchyma of COPD patients shows reduced chemosensitivity.
ARDS patients had a different histological profile, with marked reduction of light cells and an increase in dark cells when compared to controls. It is interesting to note that the patients in the ARDS group were younger than in the other groups. The difference in age could be a factor that affects the histological profile of carotid bodies since there is a predominance of dark cells in the chief cell population of children and young adults. However, even the three oldest patients in the ARDS group had an increased dark cell population when compared to controls (mean values of P dark = 0.125) and the COPD group. Table 4 shows individual values of P dark in ARDS patients.
What could be the mechanisms responsible for the increase of dark cells in ARDS? Since the increase in dark cells occurred at the same time as a decrease in light cells, it is tempting to consider that these two cell types are variants of the same cell, as suggested by Verna (27) . The increase in the dark cell population observed in ARDS could reflect a higher functional activity of carotid bodies in response to hypoxia. In an elegant study, Biscoe and Stehbens (28) investigated in detail the ultrastructural aspects of glomic cells, suggesting that dark cells have a highly complex secretory structure, presenting a large number of electron-dense granules, most probably containing biogenic amines. Furthermore, the number of electron-dense granules seemed to be increased in chief cells after exposure to acute hypoxia in rabbits (29) . Jago et al. (30) suggested that the increase in electron-dense granules was more pronounced in dark cells in a patient with arterial hypertension, leading to a darker cytoplasm at the ultrastructural level. In the human carotid body, dopamine is the bio- genic amine present at the highest concentration in the electron-dense granules (31), but, interestingly enough, dopamine is considered to decrease the respiratory response to hypoxia (32) . The functional significance of these observations remains to be clarified. Since dark cells can represent a higher functional status of chief cells, an increased number of dark cells in ARDS could be seen as an adaptive response to low arterial oxygen tension. Consistent with the foregoing view is the report that dark cell hyperplasia was observed in Dutch rabbits kept on Monte Bianco at an altitude of 3370 m for 3 months. However, the number of dark chief cells returned to normal values (11%) when the rabbits were left at the same altitude for a period of 6 months (33). Furthermore, the carotid bodies from patients with asthma also present an increased number of dark chief cells (34) and this response is considered the first morphological alteration of the carotid body cells after exposure to hypoxia (4).
The morphological changes observed in carotid bodies in ARDS indicate that functional alterations of respiratory chemosensitivity may be present in these patients. In this scenario, our results indicate that studies focusing on respiratory control should be done in patients surviving ARDS in order to determine to what extent the difficulties of weaning from the ventilator are related to abnormal respiratory drive.
Our results demonstrate that patients with ARDS present an increase of the numerical fraction of dark cells in their carotid bodies. These findings are consistent with an initial response of these structures to acute hypoxia and indicate the necessity for functional studies of respiratory control in patients surviving ARDS.
